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Description 

BACKGROUND A N D FIELD OF THE INVENTION 
,„ p«„«.,s. For oxarop... Ilqrod Bloro ol k„o«n "™»!^ ^'^"^ " I. oo.oc, o,,o 9 «Lc 

So^i^^.^ 

p., y .o,.o . oopo^oo.M. ~. .n< I .J «h« «p*nj«»^« - 

20 ^ F 9 ^ 1 221 008 discloses UV-absorbing compounds which are derivatives of tri- or tetrahydroxyben- 

Other objects of the invention will become apparent to the reader infra. 
30 gtlMMAR V OF THE INVENTION 

Tho „nt invention is for a liquid, radiation curable composition comprising: (A) an ethylenically 
JELTSJir^ containing an .f^ZT^X^Tol^ 

using the said liquid, radiation curable composition. 
OFTAIL ED DESCRIPTION OF THE INVENTION 

polymer, an ethylenically unsaturated polyester oligomer or a m.xture hereof; and 

benzophenone is excluded. ri .i„„. 

It is another object of the invention to provide a method of coating comprising. 

e polymer, an ethylenically unsaturated polyester oligomer or a ™^*^reoi and 
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acid 3 3 dimethylgtutaric acid, and 2.2-di^thy^.utaric acid. Of course, anhydndes o, me 
5 aCi tr^^^ ^Paring «h. unsaturated poiyester resin inc.ude die = 

-wmmmmM 

1 200 to 5,000. The unsaturated polyester resins may be prepared by heatmg the polycarboxyhc compo 
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nent and organic polyol component together for about 1 to 10 hours to temperatures of from 165'C to 
250 -C with water formed during the esterification being distilled off using a sparge of an inert gas such as 
nitrogen Esterification catalysts for increasing the rate of reaction can also be used. Examples of known 
catalysts useful for this purpose include para-toluenesulfonic acid, butylstannoic acid, dibutylt.n ox.de and 
5 stannous fluoride. 

Radiation curable compositions of the present invention utilize a vinyl ether component that provides an 
average of at least two vinyl ether groups per molecule of the vinyl ether component. The vinyl ether 
component may be separate from, or structurally incorporated in (as illustrated, for example, in Example 8 
infra) the unsaturated component. The vinyl ether groups of the vinyl ether component are different from 
w and cocurable with the ethylenicaily unsaturated moieties in the backbone of the unsaturated polyester (e.g., 
provided from the residue of unsaturated carboxylic acid used to make the unsaturated polyester). By 
"cocurable" is meant that the vinyl ether groups are reactive with ethylenic unsaturation derived from the 
unsaturated polyester upon exposure of a composition of the invention to ionizing radiation (electron beam 
radiation) and/or ultraviolet light. It will be understood that when a composition of the invention is to be 
75 cured utilizing ultraviolet light, a photoinitiator and/or photosensitizer will be combined with the composition 
of the invention either prior to or at the time of UV curing. 

The vinyl ether component and unsaturated polyester component are employed in the liquid composi- 
tion of the invention in relative amounts to provide crosslinking via react.on of ethylenic unsaturation 
provided from the unsaturated polyester component with vinyl unsaturation provided by the vinyl ether 
20 component upon free-radical curing of the liquid composition, as for example upon exposure to electron 
beam radiation or ultraviolet light. Generally, in a composition of the invention the ratio of carbon-carbon 
double bond equivalents from the vinyl ether component to carbon-carbon double bond equivalents from 
the unsaturated polyester component is from 0.1:1.0 to 1.5:1.0. preferably from 0.25:1.0 to 1.1:1.0. For most 
coatings purposes, it is desirable that the aforesaid ratio of carbon-carbon double bond equivalents not go 
25 much above a 1:1 ratio since the excess, low molecular weight vinyl ether may tend to undesirably 
plasticize the resulting film. 

In one embodiment of the invention, an unsaturated polyester resin, wh.ch does not have vinyl ether 
groups incorporated in the structure of the polyester, is utilized in combination with one or more vinyl ether 
compounds containing at least two vinyl ether groups per molecule. A variety of vinyl ether compounds can 
so be employed in this embodiment of the invention provided that the vinyl ether compound conta.ns at least 
two reactive vinyl ether groups. 

Examples of vinyl ether compounds include vinyl ethers made in known manner from di-, tri- or tetra- 
functional organic polyol, acetylene and a basic catalyst under high pressure. Specific examples include: 
tripropylene glycol divinyl ether, diethylene glycol divinyl ether, 1 ,4-butanediol d.vinyl ether, and 
35 tetraethylene glycol divinyl ether. 

In another embodiment of the invention, vinyl ether groups of the vinyl ether component are structurally 
incorporated in the unsaturated polyester component. For example, a hydroxy functional vinyl ether such as 
hydroxybutyl vinyl ether can be reacted with an organic diisocyanate such as isophorone diisocyanate in a 
stoichiometric ratio (e.g., moles OH/moles NCO of about 1:2) to provide a half-capped isocyanate adduct. 
40 Thereafter residual isocyanato functionality of the half-capped diisocyanate can be reacted with hydroxyl 
functionality provided by an unsaturated polyester polyol (for example prepared by reacting unsaturated 
carboxylic acid or anhydride with excess polyol) so as to structurally incorporate an average vinyl ether 
functionality of at least two in the unsaturated polyester component. Examples of unsaturated carboxylic 
acids and unsaturated carboxylic acid anhydrides as weii as organic polyols suitable for preparing hydroxyl- 
functionai unsaturated polyester resins include those described herein previously. Examples of organic 
diisocyanates include: toluene-2,4-diisocyanate, toluene-2,6-diisocyanate, and mixtures thereof; diphenyl- 
methane-4 4'-diisocyanate, diphenylmethane-2,4'-diisocyanate and mixtures thereof; para-phenylene 
diisocyanate- biphenyl diisocyanate; 3,3*-d.methyl-4,4'-diphenylene diisocyanate; tetramethylene-1 ,4- 
d.isocyanate; hexamethylene-1 ,6-diisocyanate; 2,2,4-trimethylhexane-1 ,6-diisocyanate; lysine methyl ester 
d.isocyanate; bis(isocyanatoethyl)fumarate; isophorone diisocyanate; ethylene diisocyanate; dodecane-1 ,12- 
d.isocyanate- cyclobutane-1 ,3-diisocyanate; cyclohexane-1 ,3-diisocyanate, cyclohexane-1 ,4-dnsocyanate 
and mixtures thereof; methylcyclohexyl diisocyanate; hexahydrotoluene-2,4-d.isocyanate, hexahydrotoluene- 
2 6-diisocyanate and mixtures thereof; hexahydrophenylene-1 ,3-d.isocyanate, hexahydrophenylene-1 ,4- 
diisocyanate and mixtures thereof; perhydrodiphenylmethane-2,4'-diisocyanate, perhydrodiphenylmethane- 
4 4'-d«isocyanate and mixtures thereof. The resulting unsaturated polyester component (also now containing 
urethane moieties), and having an average vinyl ether functionality of at least two, usually is free of 
unreacted NCO groups. 
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Optionally a liquid, radiation curable composition of the invent.on additionally may conta.n other 
ethylen.cally unsaturated monomers or oligomers examples of which include: other vinyl monomers such as 
vinyl acetate styrene, vinyl toluene, divinyl benzene, methylvinyl ether, ethylvinyl ether and butylvmyl ether; 
acrylic and methacrylic esters such as methyl (meth)acrylate, ethyl (meth)acrylate. isopropyl (meth)acry a e, 
n-butyl (meth)acrylate, isobutyl (meth)acrylate, 2-ethylhexyl (meth)acrylate. 2-hydroxyethyl (meth)acry ate, 
glycidyl (meth)acrylate, ethylene glycol di(meth)acrylate. diethylene glycol di(meth)acrylate, tetrae thylene 
glycol di(meth)acrylate, glycerol di(meth)acrylate, glycerol tn(meth)acrylate, 1 ,3-propylene glycol me - 
acrylate, dipropylene glycol di(meth)acrylate, 1 ,4-butanediol di(meth)acrylate, 1 ,2,4-butanetno tr, me h - 
acrylate 1,6-hexanediol di(meth)acrylate, 1 ,4-cyclohexanediol di(meth)acrylate, 1 ,4-benzened,ol di me h - 
acrylate, pentaerythritol tetra(meth)acrylate, 1 ,5-pentanediol di(meth)acrylate, trimethylolpropane d,(meth)- 
acrvlate, trimethylolpropane tri(meth)acrylate, 2,2-dimethyl-3-h y droxypropyl-2,2-dimethyl-3-hydrox- 
ypropionate isobornyl (meth)acrylate and tetrahydrofurfuryl (meth)acrylate; (meth)acrylates denved from 
aromatic glycidyl ethers such as bisphenol-A-diglycidyl ether and aliphatic glycidyl ethers such as 
butaned.ol diglycidyl ether, specific examples of which include 1 ,4-butanediol d.glycidylether d.(meth)- 
acrylate bisphenol-A-diglycdylether di(meth)acrylate and neopentylglycol diglycidylether d.<meth)acrylate; 
and acrylic or methacrylic amides such as (meth)acrylamide, diacetone (meth)acrylamide, N(beta-hydrox- 
yethyl) (meth)acrylamide, N,N-bis(beta-hydroxyethyl) (meth)acrylamide, methylene bis(meth)acrylam,de, 
1,6-hexamethylene b,s(meth)acrylamide, diethylenetriamine tris(meth)acrylamide, bis(gamma-(meth)- 
acrylamidepropoxy) ethane and beta-(meth)acrylamide ethylacrylate. 

Liquid compositions of the invention are particularly suitable for cure by exposure to ionizing rad.at.on 

and/or ultraviolet light. „ r 
Ionizing radiation is radiation having an energy at least sufficient to produce ions either directly or 
indirectly in a medium composed of common materials such as air or water, and includes for example 
accelerated electrons as produced by generally known electron beam devices. When electron beam 
devices are used to cure a composition of the invention, the energy of the accelerated electrons typically 
ranges from about 100,000 electron volts to about 300,000 electron volts. The amount of ionizing radiation 
in rads for curing a composition of the invention will vary depending on such factors as the particular 
formulation of the radiation curable composition, thickness of the applied layer of coating composition on 
the substrate, temperature of the composition, and the like. However, an advantage of compositions of the 
invention is their excellent degree of cure at low doses of electron beam radiation. Generally, a 1 mil th.ck 
wet film of a composition of the invention can be cured in air through its thickness to a tack-free state upon 
exposure to from 0.5 to 5 megarads of ionizing radiation. 

Ultraviolet radiation from any suitable source which emits ultraviolet light having a wavelength ranging 
from 180 to 400 nanometers may be employed to cure a composition of the invent.on. Because such 
ultraviolet light possesses insufficient energy to produce ions in a medium composed of common materials 
such as air or water, it is considered to be nonionizing radiation. Suitable sources of ultrav<olet light are 
generally known and include, for example, mercury arcs, carbon arcs, low pressure mercury lamps medium 
pressure mercury lamps, high pressure mercury lamps, swirl-flow plasma arcs and ultraviolet light emitting 
diodes Preferred are ultraviolet light emitting lamps of the medium pressure mercury vapor type. Such 
, lamps usually have fused quartz envelopes and are ordinarily in the form of long tubes having an electrode 
at both ends. Typically, preferred medium pressure mercury lamps usually employed to cure a composition 
of the invention have outputs of about 80 watts per cm (200 watts per inch) across the length of the tube. 
Another advantage of compositions of the .nvention is their excellent degree of cure in air at relatively low 
energy exposure m ultraviolet light. Generally, a i mil thick wet film of a composition of the .nvention, 
i provided it further comprises a photocuring promoter such as a photomitiator and/or a photosensitizer, can 
be cured in air through its thickness to a tack-free state upon exposure to ultraviolet light by passing the 
film at a rate of 6.10 meters per minute (20 feet per minute) or more under four or fewer medium pressure 
mercury vapor lamps operating at 80 watts per cm (200 watts per inch) at a distance of 10 centimeters <4 
inches)from the surface of the wet film. Photoinitiators and photosensitizers for use in ultraviolet light 
o curable compositions are generally known in the art of UV curable compositions. Examples of photosen- 
sitizers include benzophenone, anthraqu.none. and thioxanthone. Examples of photoinitiators include 
isobutyl benzoin ether, mixtures of butyl isomers of butyl benzoin ether, alpha.alpha-diethoxyacetophenone, 
and alpha.alpha-dimethoxy-alpha-phenylacetophenone. Other examples of photoinitiators and photosen- 
sitizers can be found in U.S. Patent No. 4,017,652 
5 Although it is particularly preferred to cure compositions of the invent.on by UV and or .oniz.ng 
radiation, where desired, they may be thermally cured in the presence of a thermal free radical inifator. 
Examples include the generally known thermal initiators for curing unsaturated polyesters, some specific 
examples of which include peroxides such as benzoyl peroxide, methyl ethyl ketone perox.de, cumene 
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hydroperoxide, cyclohexanone peroxide, 2,4-dichlorobenzoyl peroxide, bis(p-bromobenzoyl) peroxide and 

^^WheTe^esired, a thermal polymerization inhibitor may be utilized in a composition of the invention. 
Examples of thermal polymerization inhibitors include phenolic compounds such as di-tert.ary-butyl para- 
5 cresol and compounds containing secondary or tertiary nitrogen atoms. 

A composition of the invention may also contain a solvent such as conventional aliphatic and aromatic 
solvents or diluents known in the art. _ . . 

Where desired, a composition of the invention may also contain pigment. When ,t .s desired to cure the 
composition with ultraviolet light, the pigment utilized is typically an ultraviolet light transparent pigment 
,o The phrase "ultraviolet light transparent" is used to mean that the pigment does not substant.al y interfere 
with UV curing of the composition. Examples of ultraviolet light transparent pigments include, talc, calcium 
carbonate, aluminum silicate, magnesium silicate, barytas and silica (Si0 2 ). Coloring pigments generally 
employed to impart color in non-UV cured, coating compositions typically absorb or block ultraviolet hgh 
thereby interfering with UV curing of the composition. Accordingly, where some degree of color tin ,ng , <rf 
, 5 the composition is desired, such conventional coloring pigments typically are employed ,n only hrnited 
amounts when cure is to be effected utilizing UV „,, r „ hlo 
The liquid, radiation curable compositions of the invention are especially useful as radiation curable 
coating compositions. They can be applied to a variety of substrates, examples of which include wood 
paper particleboard. chipboard, metals, metals having primers thereon, glass, plast.cs. and me alhzed 
20 plastics The radiation curable compositions may be applied by any known means for example, brushing 
dipping, roll coating, doctor blade coating, spraying, and curtain coating. They may be preliminary dr.ed to 
remove solvent if desired and then cured by radiation. 

The examples which follow are submitted for the purpose of further illustrating the nature of the 
invention in its preferred embodiments. 

As used in the body of the specification, examples, and claims, all percents, ratios and parts are by 
weight unless otherwise specifically indicated. Wherever used herein, "pbw" means "parts by weight. 

EXAMPLE 1 

30 This example illustrates the preparation of an unsaturated polyester resin utilized in a coating 

composition of the invention. , , n , .. h 

A reaction vessel equipped with means for steam distillation and a nitrogen sparge i charged w,th 
1710.9 grams (g) tumeric acid, 1107.5 g propyleneglycol, 463.5 g diethyleneglycol, 0*gm*yl|J 
benzoquinone, 3 2 g dibutyltin oxide and 3 0 g tripheny. phosphite. The charge ,s gradually heated to 21 2 

35 degrees Celsius (-C) while a total of 362 milliliters (ml) of distillate containing water is removed at a head 
temperature not exceeding 100 -C. The resulting product is an unsaturated polyester res.n having an acid 
value of 8.1 and a Gardner-Holdt bubble tube viscosity of E- at 60 percent by weigh solids ■„ 
ethyleneglycol monoethyl ether. The unsaturated polyester is cooled to 80 'C at which temperature 30^0 g 
of N-hydroxyethyl ethylenimine is added to the polyester resin. The N-hydroxyethylethylen.mine ,s reacted 

40 with the unsaturated polyester until the acid value of the product stalls at a value of 3.4. 

EXAMPLES 2 and 3 

These examples illustrate the preparation and radiation curing of two coating compositions of the 
45 mven T n coat|ng compositions of the invention are prepared by mixing the ingredients set forth in the 
following TABLE 1. 
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TABLE 1 



Composition 


Amounts in grams 




Example 2 


Example 3 


(1) Unsaturated Polyester of Example 1 


75.0 


75.0 


(2) Triethyleneglycol divinylether 


25.0 


25.0 


(3) alpha.alpha-Diethoxyacetophenone 1 


0.0 


2.0 


(4) Benzophenone 2 


0.0 


2.0 



1 A photoinitiator. 

2 A photosensitizer. 



Each of four samples of the composition of Example 2 (herein designated Samples 2a, 2b, 2c and 2d) 
and two samples of the composition of Example 3 (herein designated Samples 3a and 3b) are drawn down 
with a 0.128 mm (5 mil) bar on filled particleboard to provide wet films having a thickness of 2.5 mils (0.064 
mm). The films are cured as set forth in the following TABLE 2. 
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TABLE 2 

Sample Curing Conditions 
2a Electron bean (EB) in 

nitrogen 9 3 megarads (MR) 

2b EB in nitrogen 0 2 MR 



2d 



3a 



3b 



1 



2c EB in air 8 3 MR 



EB in air 8 3 MR followed 

by ultraviolet light (UV) in 

air (4 lamps; 12.2 meters/min 
[40 ft/min]) 2 



UV in air (4 lamps; 
12.2 m/min [40 ft/min])^ 



UV in air (4 lamps; 
18.3 m/min [60 ft/min j) 



4Z 



Remarks 

Results in a hard, 
tough, highly glossy, 
somewhat brittle film. 
Results in a hard, 
tough, highly glossy, 
somewhat brittle film. 
Results in a highly 
glossy film with good 
through-cure (slightly 
"greasy" surface). 
Results in a hard, tough 
film with slightly lower 
gloss, slight initial 
mar and slight 
mottling. 

Results in a hard, 
tough, highly glossy 
film with no mottling. 
Results in a hard, 
tough, highly glossy 
film with no mottling. 
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1 The film is Irradiated in an atmosphere containing nitrogen with a 
total dose of 3 megarads of electron beam radiation. 

2 The film is first exposed to a total dose of 3 negarads of electron 
beam radiation in ambient air followed by exposure to ultraviolet light 

by passing the film at a rate of 12.2 m/min [40 feet per minute] beneath 
4 medium pressure, mercury vapor lamps each operating at 80 watts/cm [200 
watts/inch] at a distance of 10 cm [four inches] from the surface of the 
film. 

3 The film is irradiated with ultraviolet light by passing the film at 
□ rate of 12.2 m/sec [40 feet per minule] beneath 4 medium pressure, 
mercury vapor lamps each operating at 80 watts/cm [200 watts/inch] at a 
distance of 10 cm [four inches] from the surface of the film. 

4 Same as footnote 3 except a speed of 18.3 m/min [60 feet per minute] 
is utilized. 

It should be noted that all of the films from Samples 2a, 2b, 2c, 2d, 3a and 3b additionally post-cured in air 
to even harder films. 

EXAMPLE 4 

This example illustrates the preparation of an unsaturated polyester resin utilized in coating composi- 
tions of the invention and in a comparative coating composition. 

A reaction vessel equipped with means for steam distillation and a nitrogen sparge is charged with 1 160 
g (10 moles) fumaric acid, 1484 g (14 moles) diethyleneglycol and 0.6 g butylstannoic acid. The charge is 
gradually heated to 209 degrees Celsius CO while a total of 361 ml of distillate containing water is 
removed at a head temperature not exceeding 102-C. The resulting product is an unsaturated polyester 
resin having an acid value of 3.6; a Gardner-Holdt bubble tube viscosity of Z-; a weight average molecular 
weight of 4813 measured by gel permeation chromatography (GPC) using a polystyrene standard, and a 
polydispersity index of 3.18. 

EXAMPLES 5, 6 and 7 

These examples illustrate the preparation and radiation curing of two coating compositions of the 
invention and a comparative composition. 

Two coating composition of the invention (Examples 5 and 6) and a comparative coating composition 
(Example 7) are prepared by mixing the ingredients set forth in the following TABLE 3. 
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TABLE 3 



Composition 


Amounts in grams 


Example 5 


Example 6 


Example 7 


(1) Unsaturated Polyester of Example 4 

(2) Triethyleneglycol divinylether 

(3) Isobutyl benzoin ether 1 

(4) Benzophenone 2 


75.0 
25.0 
0.0 
0.0 


75.0 
25.0 
2.0 
2.0 


0.0 
10.0 
0.2 
0.2 



1 A photoinitiator. 

2 A photosensitizer. 



Two samples of each of the compositions of Examples 5 through 7 (herein designated Samples 5a 5b. 
6a 6b 7a and 7b respectively) are drawn down with a 0.128 mm (5 mil) bar on filled particleboard to 
provide wet films having a thickness of 2.5 mils (0.064 mm). The films are cured as set forth m the following 
TABLE 4. 
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35 



40 
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TABLE 4 



Sample 
5a 



5b 



6a 



6b 



7a 

7b 



Curing Conditions 

EB in nitrogen 6 3 MR 1 



EB In nitrogen G 2 MR 



UV in air (4 lamps; 

12.2 m/min [40 ft/min])" 



UV in air (4 lamps; 

24.4 m/min [30 ft/min 3) 

EB in nitrogen G 3 MR 5 
UV In air (4 lamps; 

6.1 m/min [20 ft/rain]) 6 



Remarks 

Results in a very hard, mar-free, 
highly glossy, film having good 
film integrity, best gouge 
resistance and least brittleness 
of the Samples. 
Results in a hard, mar-free, 
highly glossy, somewhat brittle 
film having fair to good film 
integrity. 

Results in a very hard, mar-free. 

highly glossy, brittle film having 

excellent film integrity. 
Results in a hard, highly glossy, 
brittle, film having good film 
integrity and variable mar. 
Did not cure. Remains wet. 
Did not cure. Remains wet 



1 The film i. irradiated in an atmoapher. containing nitrogen vith a total 
dose of 3 megarada of electron beam radiation. 

2 Same as 5a except 2 megarada la uaed. 

3 The film i. irradiated with ultraviolet light by paeaing the film at a 

rate of 12.2 m/min (40 feet per minute) beneath 4 medium pressure, mercury 
vapor lamps each operating at 80 watts/cm (200 watts/inch) at a distance of 
10 cm (four inches) from the surface of the film. 
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4 Same as 6a except a speed of 2U .4 m/min (80 feet per minute) is used. 
^ Same as 5a. 

6 Same as 6a except a speed of 6.1 m/min (20 feet per minute) is used. 



EXAMPLE 8 



This example illustrates (a) the preparation of an unsaturated polyester resin, (b) the preparation of a 
"half-capped" isocyanate, (c) the preparation and radiation curing of a polyester urethane composition of 
the invention having an average of two vinyl ether groups per molecule. 

(a) A reaction vessel equipped with means for steam distillation and a nitrogen sparge is charged with 
392 0 g (4 0 moles) maleic anhydride, 636.0 g (6.0 moles) diethyleneglycol, 1.0 g butylstanno.c acd and 
0 1 g methylhydroquinone. The charge is gradually heated to 209 degrees Celsius CO while a total of 
66 ml of distillate containing water is removed at a head temperature not exceeding 105 'C. The 
resulting product is an unsaturated polyester polyol having an acid value of 1.4, a Gardner-Holdt bubble 
tube viscosity of Z4 + , and a hydroxyl value of 158.5. 

(b) A reaction vessel equipped with means for maintaining a blanket of nitrogen is charged at ambient 
temperature with 444.0 g (2.0 moles) isophorone diisocyanate and 0.7 g of 2,6-di-tertiarybutyl-4- 
methylphenol. The charge is heated to 41 -C at which temperature the dropwise addition of 4- 
hydroxybutyl vinyl ether is begun. The dropwise addition is continued over 2 hours and 5 minutes at 
41 -C until a total of 232.0 g of the 4-hydroxybutyl vinyl ether has been added. The resulting product, 
which is a diisocyanate "half capped" with the vinyl ether, is allowed to cool to room temperature. 

(c) A reaction vessel is charged with 338.0 g (1.0 mole) of the "half capped" diisocyanate of part (b) 
immediately above. The charge is heated to 56 -C at which temperature the slow addition of the 
unsaturated polyester polyol of part (a) immediately above is begun. The addition is continued over 2 
hours while maintaining the temperature between 66 and 74 -C until a total of 519.4 g (2.0 equivalents) of 
the unsaturated polyester polyol has been added. The reaction product, which represents a composition 
of the invention, is allowed to cool to room temperature. Infrared analysis of the product shows no 
residual isocyanato functionality. The product has a Gardner-Holdt viscosity of Z6-, a peak molecular 
weiqht of 1796, and a weight average molecular weight (GPC using a polystyrene standard) of 2924. 

Two percent by weight of alpha.alpha-diethoxy acetophenone is added to the product and samples are 
drawn down using a No. 0.012 wire-wound bar on aluminum panels and the resulting films are allowed to 
flash for seven minutes at 1 50 -F (65.6 -C). Thereafter, the films are cured by exposing them in ambient air 
to UV light from four medium pressure mercury vapor lamps operating at 80 watts/cm (200 watts per inch) 
at a distance of 10 cm (four inches) from the surface of the film as the films are passed beneath the lamps 
at the rates set forth in the following TABLE 5. Properties of the resulting cured films are also summarized 
in TABLE 5. 



TABLE 5 



Line Speed (Feet/Minute) 


Remarks 


12.2 m/min (40 ft/min) 

18.3 m/min (60 ft/min) 

24.4 m/min (80 ft/min) 

30.5 m/min (100 ft/min) 


Cured film does not mar. 
Cured film does not mar. 
Cured film mars slightly. 
Cured film mars. 



It should be noted that a sample of the composition still radiation cures after two weeks i 
maintained at 120* F (48 9 'C). 



Claims 



1. A liquid radiation curable composition comprising 
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(a) an ethylenically unsaturated polyester component comprising an ethylenically unsaturated poly- 
ester polymer, an ethylenically unsaturated polyester oligomer or a mixture thereof; and 

(b) a non-polymerized vinyl ether component which contains an average of at least two vinyl ether 
groups per molecule of said vinyl ether component, the vinyl ether groups being reactive with the 

5 ethylenic unsaturate of component (a); with the proviso that 2,2'-dihydroxy-4,4'-di<beta-v.nylox- 

yethoxy)benzophenone is excluded. 

2. The composition of Claim 1 wherein component (a) comprises an ethylenically unsaturated polyester 
polymer which is a reaction product of an ethylenically unsaturated polycarboxylic acid and an organic 

w polyol; and component (b) comprises a reaction product of a di-, tri- or tetrafunctional organic polyol 

and acetylene, prepared with a basic catalyst under high pressure and being free radically reactive with 
the ethylenic unsaturation of said ethylenically unsaturated polyester. 

3. The composition of any of Claims 1 and 2 wherein the vinyl ether groups of component (b) are 
75 structurally incorporated in the ethylenically unsaturated polyester component (a) so as to structurally 

incorporate an average vinyl ether functionality of at least two in the ethylenically unsaturated polyester 
component (a). 

4. The composition of any of Claims 1 to 3 wherein the ethylenically unsaturated polyester component (a) 
20 comprises fumarate groups. 

5. The composition of any of Claims 1 to 4 wherein the ethylenically unsaturated polyester component (a) 
comprises a dihydric alcohol. 

25 6. The composition of any of Claims 1 to 5 wherein the ethylenically unsaturated polyester component (a) 
comprises an ethylenically unsaturated polyesterurethane polymer, an ethylenically unsaturated polyes- 
ter-urethane oligomer or a mixture thereof. 

7. The composition of any of Claims 1 to 6 wherein the ethylenically unsaturated polyester component (a) 
30 comprises an ethylenically unsaturated polyester polymer having a peak molecular weight, as mea- 
sured by gel permeation chromatography using a polystyrene standard, in a range of from 800 to 
50,000. 

8. The composition of any of Claims 1 to 6 wherein the ethylenically unsaturated polyester component (a) 
35 comprises an ethylenically unsaturated polyester polymer having a peak molecular weight, as mea- 
sured by gel permeation chromatography using a polystyrene standard, in a range of from 1,200 to 
5,000. 

9. The composition of any of Claims 1 to 8 wherein the ratio of carbon-carbon double bond equivalents of 
40 component (b) to carbon-carbon double bond equivalents of component (a) is in the range of from 

0.1:1.0 to 1.5:1.0. 

10. The composition of any of Claims 1 to 8 wherein the ratio of carbon-carbon double bond equivalents of 

component (b) to carbon-carbon doubie bond equivalents of component (a) is in the range of from 
46 0.25:1.0 to 1.1:1.0. 

11. The composition of any of Claims 1 to 10 comprising a photoinitiator. 

12. The composition of Claim 11 wherein the photoinitiator is alpha.alpha-diethoyacetophenone. 

13. The composition of any of Claims 1 to 12 comprising a thermal polymerization inhibitor. 

14. A method of coating comprising : 

(A) applying to a substrate a film of a liquid, radiation curable composition comprising 
55 (a) an ethylenically unsaturated polyester component comprising an ethylenically unsaturated 

polyester polymer, an ethylenically unsaturated polyester oligomer or a mixture thereof; and 
(b) a non-polymerized vinyl ether component which contains an average of at least two vinyl ether 
groups per molecule of said vinyl ether component, said vinyl ether groups being reactive with 
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the ethylenic unsaturation of component (a); with the proviso that 2,2'-dihydroxy-4,4 , -di(beta- 

vinyloxyethoxy)benzophenone is not included; and 

(B) curing said composition through its thickness to a tack-free state by exposing said film to 
ionizing radiation and/or ultraviolet light. 

15. The method of Claim 14 wherein component (a) comprises an ethylenically unsaturated polyester 
polymer which is a reaction product of an ethylenically unsaturated polycarboxylic acid and an organic 
polyol ; and component (b) comprises a reaction product of a di-, tri- or tetrafunctional organic polyol 
and acetylene, prepared with a basic catalyst under high pressure and being free radically reactive with 
the ethylenic unsaturation of said ethylenically unsaturated polyester. 

16. The method of Claims 14 or 15 wherein the vinyl ether groups of component (b) are structurally 
incorporated in the unsaturated polyester component (a) so as to structurally incorporate an average 
vinyl ether functionality of at least two in the unsaturated polyester component (a). 

17. The method of any of Claims 14 to 16 wherein the ethylenically unsaturated polyester component (a) 
comprises a dihydric alcohol. 

18. The method of any of Claims 14 to 17 wherein the ethylenically unsaturated polyester component (a) 
comprises an ethylenically unsaturated polyesterurethane polymer, an ethylenically unsaturated polyes- 
ter-urethane oligomer or a mixture thereof. 

19. The method of any of Claims 14 to 18 wherein the ethylenically unsaturated polyester component (a) 
comprises an ethylenically unsaturated polyester polymer having a peak molecular weight, as mea- 
sured by gel permeation chromatography using a polystyrene standard, in the range of from 800 to 
50,000. 

20. The method of any of Claims 14 to 19 wherein the ratio of carbon-carbon double bond equivalents of 
component (b) to carbon-carbon double bond equivalents of component (a) is in the range of from 
0.1:1,0 to 1.5:1.0. 

21. The method of any of Claims 14 to 20 wherein said composition comprises a photoinitiator. 

22. The method of any of Claims 14 to 21 wherein said composition comprises a thermal polymerization 
inhibitor. 

23. A substrate having thereon a cured film obtained by curing a liquid radiation curable composition 
comprising 

(a) an ethylenically unsaturated polyester component comprising an ethylenically unsaturated poly- 
ester polymer, an ethylenically unsaturated polyester oligomer or a mixture thereof; and 

(b) a non-polymerized vinyl ether component which contains an average of at least two vinyl ether 
groups per molecule of said vinyl ether component, said vinyl ether groups being reactive with the 
ethylenic unsaturation of component (a); with the proviso that 2,2 , -dihydroxy-4,4'-di<beta-vinylox- 
yethoxyibenzophenone is not included. 

Patentanspruche 

1. Flussige, durch Strahlung vernetzbare Stoffmischung, enthaltend 

(a) eine ethylenisch ungesattigte Polyester-Komponente, enthaltend ein ethylenisch ungesattigtes 
Polyester-Polymeres, ein ethylenisch ungesattigtes Polyester-Oligomeres oder ein Gemisch dieser 
Stoffe; und 

(b) eine nicht polymerisierte Vinylether-Komponente, die durchschnittlich mindestens Zwei Vinyle- 
ther-Gruppen pro Molekul der Vinylether-Komponente enthalt, die mit den ethylenischen Doppelbin- 
dungen der Komponente (a) reaktiv sind; mit der MaGgabe, daG 2,2 , -Dihydroxy-4,4 ? -di(beta-vinyloxy- 
ethoxy)benzophenonausgeschlossen ist. 

2. Stoffmischung nach Anspruch 1, wobei die Komponente (a) ein ethylenisch ungesattigtes Polyester- 
Polymeres enthalt, das das Reaktionsprodukt einer ethylenisch ungesattigten Polycarbonsaure und 
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eines organischen Polyols ist, und wobei die Komponente (b) ein Reaktionsprodukt eines di-, tri-, oder 
tetrafunktionalen organischen Polyols mit Acetylen enthalt, hergestellt mittels eines basischen Katalysa- 
tors unter hohem Druck und reaktionsfahig in einer Reaktion mittels freier Radikale mit den ethyleni- 
schen Doppelbindungen des ethylenisch ungesattigten Polyesters. 

3. Stoffmischung nach jedem der Anspruche 1 oder 2, wobei die Vinylether-Gruppen der Komponente (b) 
strukturell in die ethylenisch ungesattige Polyester-Komponente (b) derart eingebaut sind, daG eine 
durchschnittliche Vinylether-Funktionalitat von mindestens zwei in der ethylenisch ungesattigten Polye- 
ster-Komponente (a) enthalten ist. 

4. Stoffmischung nach jedem der Anspruche 1 bis 3, wobei die ethylenisch ungesattigte Polyester- 
Komponente (a) Fumaratgruppen enthalt. 

5. Stoffmischung nach jedem der Anspruche 1 bis 4, wobei die ethylenisch ungesattigte Polyester- 
Komponente (a) einen zweiwertigen Alkohol umfaflt. 

6. Stoffmischung nach jedem der Anspruche 1 bis 5, wobei die ethylenisch ungesattigte Polyester- 
Komponente (a) ein ethylenisch ungesattigtes Polyester-Urethan-Polymeres, ein ethylenisch ungesattig- 
tes Polyester-Urethan-Oligomeres oder ein Gemisch aus diesen Stoffen enthalt. 

7. Stoffmischung nach jedem der Anspruche t bis 6, wobei die ethylenisch ungesattigte Polyester- 
Komponente (a) ein ethylenisch ungesattigtes Polyester-Polymeres enthalt, das ein Spitzenmolekular- 
gewicht (peak molecular weight), gemessen mittels Gelpermeationschromatographie mit Polystyrol- 
Standard, im Bereich von 800 bis 50.000 hat. 

8. Stoffmischung nach jedem der Anspruche 1 bis 6, wobei die ethylenisch ungesattigte Polyester- 
Komponente (a) ein ethylenisch ungesattigtes Polyester-Polymeres enthalt, das ein Spitzenmolekular- 
gewicht (peak molecular weight), gemessen mittels Gelpermeationschromatographie mit Polystyrol- 
Standard, im Bereich von 1 .200 bis 5.000 hat. 

9. Stoffmischung nach jedem der Anspruche 1 bis 8, wobei das Verhaltnis der Aquivalente der Kohlen- 
stoff-Kohlenstoff-Doppelbindungen in der Komponente (b) zu den Aquivalenten der Kohlenstoff-Kohlen- 
stoff-Doppelbindungen in der Komponente (a) im Bereich von 0,1:1,0 bis 1,5:1,0 liegt. 

10. Stoffmischung nach jedem der Anspruche 1 bis 8, wobei das Verhaltnis der Aquivalente der Kohlen- 
stoff-Kohlenstoff-Doppelbindungen in der Komponente (b) zu den Aquivalenten der Kohlenstoff-Kohlen- 
stoff-Doppelbindungen in der Komponente (a) im Bereich von 0.25:1,0 bis 1,1:1,0 liegt. 

11. Stoffmischung nach jedem der Anspruche 1 bis 10, einen Photoinitiator enthaltend. 

12. Stoffmischung nach Anspruch 11, wobei der Photoinitiator aipha.alpha-Diethoxyacetophenon ist. 

13. Stoffmischung nach jedem der Anspruche 1 bis 12, einen Inhibitor fur die thermische Polymerisation 

enthaltend 

14. Verfahren zum Beschichten, bei dem man: 

(A) auf ein Substrat einen Film aus einer flussigen, durch Strahlung vernetzbaren Stoffmischung 
aufbringt, enthaltend 

(a) eine ethylenisch ungesattigte Polyester-Komponente, enthaltend ein ethylenisch ungesattigtes 
Polyester-Polymeres, ein ethylenisch ungesattigtes Polyester-Oligomeres oder eine Gemisch 
dieser Stoffe; und 

(b) eine nicht polymerisierte Vinylether-Komponente, die durchschnittlich mindestens zwei Vinyle- 
ther-Gruppen pro Molekul der Vinylether-Komponente enthalt, die mit den ethylenischen Dop- 
pelbindungen der Komponente (a) reaktiv sind; mit der MaBgabe, da6 2,2 , -Dihydroxy-4,4'-di(beta- 
vinyloxyethoxy)benzophenonausgeschlossen ist; und 

(B) die Stoffmischung in ihrer vollen Starke in einen nicht klebenden Zustand uberfuhrt, indem man 
den Film ionisierender Strahlung und/oder ultraviolettem Licht aussetzt. 
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15 Verfahren nach Anspruch 14, wobei die Komponente (a) ein ethylenisch ungesathgtes Polyester- 
Polymeres enthalt, das das Reakt.onsprodukt einer ethylenisch ungesattigten Polycarbonsaure und 
eines organischen Polyols ist und wobei die Komponente (b) ein Reaktionsprodukt eines d,-, tr- Oder 
tetrafunktionalen organischen Polyols mit Acetylen ist, hergestellt mittels emen basis ch ^ Ka alysators 
unter hohem Druck und reaktionsfahig in einer Reakt,on mittels fre.er Rad.kale m,t den e.hylenischen 
Doppelbindungen des ethylenisch ungesattigten Polyesters. 

16. Verfahren nach jedem der Anspruche 14 oder 15, wobei d,e Vinylether-Gruppen der Komponente , (b) 
strukturell in die ethylenisch ungesattige Po.yester-Komponente (b) derart emgebaut sind da ! eine 
durchschnirtliche Vinylether-Funktionalitat von mindestens zwei in der ethylenisch ungesattigten Polye- 
ster-Komponente (a) enthalten ist. 

17. Verlahren nach jedem der Anspruche 14 bis 16, wobei die ethylenisch ungesattigte Polyester- 
Komponente (a) einen zweiwertigen Alkohol umfafit. 

18. Verfahren nach jedem der Anspruche 14 bis 17, wobei die ethylenisch ungesattigte Polyester. 
Komponente (a) ein ethylenisch ungesattigtes Polyester-Urethan-Polymeres, em ethylenisch ungesattig- 
tes Polyester-Urethan-Oligomeres oder ein Gemisch aus diesen Stoffen enthalt. 

19 Verfahren nach jedem der Anspruche 14 bis 18. wobei die ethylenisch ungesattigte Polyester- 
' Komponente (a) ein ethylenisch ungesattigtes Polyester-Polymeres enthalt, das ein Sprtzenmoleku ar- 
gewicht (peak molecular weight), gemessen mittels Gelpermeationschromatograprne mit Polystyrol- 
Standard, im Bereich von 800 bis 50.000 hat. 

20. Verfahren nach jedem der Anspruche 14 bis 19, wobei das Verhaltnis der Aquivalente der Kohlenstoff- 
Kohlenstoff-Doppelbindungen in der Komponente (b) zu den Aquivalenten der Kohlenstoff-Kohlenstoff- 
Doppelbindungen in der Komponente (a) im Bereich von 0,1:1,0 bis 1,5:1,0 liegt. 

21. Verfahren nach jedem der AnsprOche 14 bis 20, wobei die Stoffmischung einen Photoinitiator enthalt. 

22. Verfahren nach jedem der Anspruche 14 bis 21, wobei die Stoffmischung einen Inhibitor fur die 
thermische Polymerisation enthalt. 

23. Substrat mit einem vernetzten Film auf seiner Oberflache, erzeugt durch Vernetzen einer flussigen. 
durch Strahlung vernetzbaren Stoffmischung, enthaltend 

(a) eine ethylenisch ungesattigte Polyester-Komponente, enthaltend ein ethylemsch ungesattigtes 
Polyester-Polymeres, ein ethylenisch ungesattigtes Polyester-Oligomeres oder eine Gem.sch dieser 

fbTeine Un nicht polymerisierte Vinylether-Komponente, die durchschnittlich mindestens zwei Viriyle- 
her-Gruppen pro Molekul der Vinylether-Komponente enthalt, die mit den ethylenischen Doppelbin- 
dungen der Komponente (a) reaktiv sind; mit der MaBgabe, dafi 2,2'-Dihydroxy-4,4'-di(beta-v,nyloxy- 
ethoxy)benzophenonausgeschlossen ist. 

Revendications 

1. Composition radiodurcissable liquide comprenant: A. h „iA ni 

(a) un composant polyester Sthyleniquement insature comprenant un polymere polyester ethyleni- 
quement insature, un oligomere polyester ethyleniquement insature, ou un melange de ceux-a; et 

(b) un composant vinyl ether non polymerise qui contient une moyenne d'au moms deux groupes 
vinyl ether par molecule dudit composant vinyl ether, les groupes vinyl ether etant reactifs avec 
I'insaturation ethylenique du composant (a); avec la condition que Ton exclut la 2,2'-d,hydroxy-4,4 - 
di(beta-vinyloxyethoxy)-benzophenone. 

2 Composition de la revendication 1, dans laquelle le composant (a) comprend un polymere polyester 
" ethyleniquement insature qui est un produ.t de la reaction d'un acide polycarboxylique ethylen.quemen 
insature et d'un polyol organique; et le composant (b) comprend un produit de la react.on dun polyol 
organique di-. tri- ou tetrafonctionnel et de Methylene, prepare avec un catalyseur bas.que sous 
pression elevee et exempt de reactivite radicalaire avec I'insaturation ethylemque dudit polyester 
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ethyleniquement insature. 

3 Composition selon rune quelconque des revendicat.ons 1 et 2, dans laquelle les groupes vinyl ether du 
composant (b) sont incorpores structurellement dans le composant polyester ethyleniquement insature 
(a) de maniere a incorporer structurellement une fonctionnalite vinyl ether moyenne d'au moms deux 
dans le composant polyester ethyleniquement insature (a). 

4. Composition de Tune quelconque des revendications 1 a 3, dans laquelle le composant polyester 
ethyleniquement insature (a) comprend des groupes fumarates. 

5. Composition de I'une quelconque des revendications 1 a 4, dans laquelle le composant polyester 
ethyleniquement insature (a) comprend un dialcool. 

6 Composition de I'une quelconque des revendications 1 a 5, dans laquelle le composant polyester 
ethyleniquement insature (a) comprend un polymere polyester-urethanne ethyleniquement insature, un 
oligomere polyester-urethanne ethyleniquement insature ou leur melange. 

7 Composition de I'une quelconque des revendications 1 & 6, dans laquelle le composant polyester 
ethyleniquement insature (a) comprend un polymere polyester ethyleniquement insature ayant un p,c 
de poids moleculaire, tel que mesure par chromatographie par permeation de gel utihsant un etalon 
polystyrene, situe dans I'intervalle de 800 a 50 000 

8 Composition de I'une quelconque des revendications 1 a 6, dans laquelle le composant polyester 
ethyleniquement insature (a) comprend un polymere polyester ethyleniquement insature ayant un p,c 
de poids moleculaire, tel que mesure par chromatographie par permeation de gel ut.hsant un etalon 
polystyrene, situe dans I'intervalle de 1 200 a 5 000. 

9 Composition de I'une quelconque des revendications 1 k 8, dans laquelle le rapport des equivalents 
doubles liaisons carbone-carbone du composant (b) aux equivalents doubles liaisons carbone-carbone 
du composant (a) se trouve dans I'intervalle de 0,1:1,0 a 1,5:1,0. 

10 Composition de I'une quelconque des revendications 1 a 8, dans laquelle le rapport des equivalents 
doubles liaisons carbone-carbone du composant (b) aux equivalents doubles liaisons carbone-carbone 
du composant (a) est situe dans I'intervalle de 0,25:1,0 a 1,1:1,0. 

11. Composition de I'une quelconque des revendications 1 a 10. comprenant un photoamorceur. 

12. Composition de la revendication 11. dans laquelle le photoamorceur est I'al- 
pha.alphadiethoxyacetoph^none. 

13. Composition de I'une quelconque des revendications 1 a 12, comprenant un inhibiteur de polymerisa- 
tion thermique. 

14 Proced^ de revetement comprenant les etapes consistant: 
45 " (A) a appiiquer a un substrat un film d'une composition radiodurcissable liquide comprenant _ _ 

(a) un composant polyester ethyleniquement insature comprenant un polymere polyester ethyleni- 
quement insature, un oligomere polyester ethyleniquement insature ou leur melange; et 

(b) un composant vinyl ether non polymerise qui contient un melange d'au moms deux groupes 
vinyl ether par molecule dudit composant vinyl ether, lesdits groupes vinyl ether etant reactifs 

50 avec I'insaturation ethylenique du composant (a); avec la condition que I'on exclut la 2.2- 

dihydroxy-4,4'-di(beta-vinyloxyethoxy)benzophenone; 
(B) a durcir ladite composition en epaisseur jusqu'a un etat non collant en exposant ledit dim a un 
rayonnement ionisant et'ou a la lumiere ultraviolette. 

55 15 Precede de la revendication 14, dans lequel le composant (a) comprend un polymere polyester 
ethyleniquement insature qui est un produit de la reaction d'un acide polycarboxylique ethylemquemen 
insature et d'un oolyol organique; et le composant (b) comprend un produit de la reaction d un polyol 
organique di-, tri- ou tetrafonctionnel et de I'acetylene, prepare avec un catalyseur basique sous 
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pression elevee et exempt de reactivite radicalaire avec I'insaturation ethylenique dudit polyester 
ethyleniquement insature. 

16 Precede des revend.cations 14 ou 15, dans lequel les groupes vinyl ether du composant (b) sent 
5 ' mcorpores structurellement dans le composant polyester insature (a) de fagon a incorporer structurelle- 
ment une fonctionnalite vinyl ether moyenne d'au moins deux dans le composant polyester insature (a). 

17. Precede de I'une quelconque des revendications 14 a 16, dans lequel le composant polyester 
ethyleniquement insature (a) comprend un dialcool. 

18 Procede de I'une quelconque des revendications 14 a 17, dans lequel le composant polyester 
ethyleniquement insature (a) comprend un polymere polyester-urethanne ethyleniquement insature, un 
oligomere polyester-urethanne ethyleniquement insature ou leur melange. 

19 Procede de Tune quelconque des revendications 14 a 18, dans lequel le composant polyester 
ethyleniquement insature (a) comprend un polyester ethylen.quement insature ayant un p.c de po.ds 
moleculaire, tel que mesure par chromatographie par permeation de gel utilisant un etalon polystyrene, 
situe dans Pintervalle de 800 a 50 000. 

20 Procede de Tune quelconque des revendications 14 a 19, dans lequel le rapport des equivalents 
' doubles liaisons carbone-carbone du composant (b) aux equivalents doubles liaisons carbone-carbone 

du composant (a) est situe dans I'intervalle de 0,1:1,0 a 1,5:1,0. 

21. Procede de I'une quelconque des revendications 14 a 20, dans lequel ladite composition comprend un 
photoamorceur. 

22. Procede de I'une quelconque des revendications 14 a 21, dans lequel ladite composition comprend un 
inhibiteur de polymerisation thermique. 

23. Substrat comportant sur lui un film durci obtenu en durcissant une composition radiodurcissable liquide 

comprenant „ ... . 

(a) un composant polyester ethyleniquement insature comprenant un polymere polyester ethyleni- 
quement insature, un oligomere polyester ethyleniquement insature ou leur melange; et 

(b) un composant vinyl ether non polymerise qui contient une moyenne d'au moms deux groupes 
vinyl ether par molecule dudit composant vinyl ether, lesdits groupes vinyl ether etant react.fs avec 
I'insaturation ethylenique du composant (a); avec la condition que Ton exclut la 2,2'-d.hydroxy-4,4*- 
di(beta-vinyloxyethoxy)benzophenone. 
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